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■ent  aay  have  foxaulated,  fUmlahed,  or  In  any  way 
supplied  the  said  drawing,  specifications,  or  other 
data  In  not  to  be  regarded  by  lopUcatlon  or  other* 
wise  as  In  any  Banner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  peralsslon  to  nanufaeture,  use  or  sell  any 
patented  Invention  that  aay  In  any  way  be  related 
thereto. 
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AN  mjum  at  PMALmON.  L(ct)50 


By 

R.J.  Shephard 

SOmAHY 


1  •  MathodB  of  aatioating  the  Inhelatlon  Ii(Ct)50  are  outlined. 

2.  Reasona  are  suggested  for  basing  oaloulations  on  the  ratio  ChBSOt  I2>50} 
this  gires  an  estimate  of  the  anrerage  L(Ct)50  that  is  probably  ralid  to  within 
£  33^  for  brief  e^osures,  with  widjr  limits  for  longer  exposures. 

3.  The  L(Ct)50  raries  with  the  metabolio  state  of  those  attacked.  Under 
resting  oonditions,  'ttie  aTorage  figure  is  probably  at  least  135  ng.mlVQ^} 
with  aotirity  the  average  may  be  less  than  50  lag.BdVn^. 

4.  These  figures  represent  the  best  possible  estimate  based  on  data  atrailable 
from  both  U.S.  and  the  U.K. 
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(Sgd.)  V.S.8.  Ladell, 
Assistant  Direetor(Medloal). 
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AN  MTHUro  07 


INHALATICW  LfCt)50 


R.J.  Shaohard 

1.  ^  hunan  Inhalation  L(Ct)50  haa  uauaUjr  bean  oaloulatad 

ftpom  an  aasuoad  Tantilation  (10  ]/mln  In  liia  resting  state)  and  an  IJ)50 
(lig  cV^g)  obtained  by  one  of  aereral  nethoda  of  axtr«5)olation.  Cooplete 
retention  of  inhaled  OB  has  uaually  been  aasuQed. 

(o)  The  U.K.  anproaoh.  Alnsnorth,  Saviea  and  MoKee  (l)  gawe 

aingle-hreath  inhalations  of  GB  (i  -  3  mA«)  *o  3^  tubjeots. 

The  dose  of  OB  was  plotted  against  the  logarithn  of  the 
peroentage  of  uninhibited  red  oell  ensyne,  and  by  oonsiderable 
extrapolation  of  the  graph,  the  dose  for  90^  inhibition  was 
estimated  at  11  -  29  Pi/kg,  with  a  most  probable  ralue  of 
l6  pi/kg.  The  assui^tions  of  the  method  were 
(i)  that  the  dose  of  OB  oausing  90^  inhibition  of  red  oell 
oholinesterase  was  the  U>50,  and 
(ii)  that  the  dose  of  m  was  linearly  related  to  the  logarithm 
of  the  peroentage  of  ensyme  remaining  after  administration 
of  GB.  The  last  asstsapticn  was  ohsoked  by  giring  GB  to 
rabbits  (iidialation  and  i.r.)  and  guinea  pigs  (s.o.)  over 
a  wider  dose  range.  No  gross  d^arture  flram  this  relation¬ 
ship  was  ipparent,  but  the  number  of  obserrations  was  not 
adequate  to  study  tl.e  fine  details  of  tte  ourre. 
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Aaraaltm  a  vaatUation  of  10  10(9$  retention  of  OB, 

the  reatinc  L(Ct)50  waa  placed  In  the  range  77  ■*  203 
«lth  a  Bloat  probable  Talu:  of  ll2jgg|^^^^  It  ia  noe  knoen 
that  aaauc^tlon  (l)  la  not  unlTeraolly  true.  Many  apeolea  of 
anlaala  remain  aotlre  when  the  red  oell  ohollneateraae  la  909$ 
inhibited,  and  reoent  17.8.  ejqperiieenta  auggeat  the  aane  la  true 


of  man.  If  a  figure  of  959$  inhibition  la  taken,  the  eatloated 


]:.(Ct)50  nould  be 


(b)  The  P.a.  acproaoh  SUrer  (2)  oonaldered  that  during  abort 
eigioaurea  to  OB  Tapour,  the  inhalation  U>50  for  a  nuadiar  of 
laboratory  airim^a  approaohed  the  IntraTenoua  ISSO  of  dtout 
15  W'kg.  It  «aa  aaaumed  that  the  acme  would  be  true  of  aian, 
and  again  eooapting  a  iwaplratoxy  minute  volume  of  10 
with  iOOji  retention  of  agent,  the  B(Ct)50  would  be  105  na!.ala/n^ 
for  a  70  kg  man. 

2.  fRI88HT  POSITKai.  The  baaio  method  of  estlmatioo  haa  altered  little, 
but  much  more  information  ia  now  available  on  the  reaponae  of  man  to  moderate 
doaea  of  (9  by  inhalation,  on  the  reapiratory  minute  volume  during  e^qpoaure 
end  aimulated  e^qpoaure  to  "nerve  gaa”,  and  on  the  retention  of  inhaled  vapoura. 
(a)  Bmtrapolatlon  to  U)50.  The  eatimation  of  the  U>50  reoalna  the 

wedceat  link  In  the  ohaln  of  evidanoe.  To  the  original  two  methoda 
of  extrapolation  haa  been  added  a  third,  baaed  on  the  ratio  of  the 
ChB50  to  the  U>50;  thla  aeema  the  prooedure  of  oholoe,  for  Ihe 
reaaona  dlaouaaed  below. 

(i)  Cholinoateraao  inhibition  at  IJ)50.  Whether  log-^robit  (3) 

or  aemi-logarlttaaio  plot  of  the  data  ia  uaed,  the  extrapolation 
la  orltioalljr  d^endent  on  the  alope,  whioh  in  man  oan  only 
be  determined  over’  a  very  aaiall  part  of  the  doae  range  of 
Intereat;  further,  there  ia  no  oertain  evldenoe  that  909$  ia 
the  deaired  inhibitimi.  ?roo  the  data  of  Callaway,  Danriaa  and 
Rutland  in  maqy  apeolea  the  11)50  doae  oorreaponds  to  >959$ 


Inhibition  of  irtiola  blood  and  red  oell  ohollneateraaei 
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Speoies 

12)50 

*.0.) 

Corresponding  cholinesterase 
inMbition 

Whole  blood 

Red  ooU 

Rabbit 

35 

97 

>  99*9 

Monkey 

25 

97 

Guinea  Pig 

38 

98 

^  99.9 

Rat 

109 

91 

Pigeon 

52 

88 

(il)  Inter-woles  oomparlaon  of  IPSO:  There  is  a  vTlde  range  of  qpeoio^: 
▼ariaticnib  ixhalation  toadoitgr  of  (rB,  and  the  supposition  that 
inhalation  toxicity  approaohes  intravenous  tozioi^  (2)  is  not  ful3^' 
home  out  by  experinental  data.  The  inhalation  toxicity  qi^arentl^- 
inoreases  nith  a  decrease  jbi  the  duration  of  e;q;>osure  (5-8); 
hoeever,  even  with  short  exposures  (9  **  10),  the  intravenous  IiD50 
is  exceeded  a  factor  of  1.7  ■*  2.0 


1  Speoies 

\ 

Inhalation  U)50 
w/itg 

Intravenous  U)50  j 

vwAs  ! 

»*t  (k) 

165  -  209 

80 

Guinea  Pig  (k) 

W  -  73 

32 

Guinea  Pig  (9) 

42-79 

32  -  38 

Rabbit  (4) 

25-  52 

19 

Monkey  (l*) 

46-48 

- 

Monkey  (9) 

15-38 

18  -  23 

Sheep  (4-) 

58-78 

15  -  20 

Dog  (9) 

28  -  52 

18  -  28 
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(ill)  Ratio  of  caso  to  IPSO,  the  CUI50:  U)50  ratio  baa  been 
thoo^t  rather  ooeatant  In  different  qpeoies.  D*K.  data 
(4)  aho«  a  ren^  of  -  6.3>  vdtb  a  mean  value  of  about  4*0: 


flpeoiea 

Chl50  t 

U^O  ratio 

Ihole  blood 

Red  cell 

Rabbit 

mmmm 

1  t  6.3 

Monkagr 

Guinea  Pig 

1  t  3.4 

Rat 

At  3.2 

Pigeon 

It  4.0 

U.S.  eq^eriaenta  ahov  a  mean  value  3*9  (11  )•  The  uae  of  the 
Ch^  t  £050  ratio  aa  abaaia  of  extrapolation  aeeoa  preferable  to 
mathoda  (i)  and  (ll)«  The  qdontitlea  Involved  (Chi50  and  U)50  In 
aaloala,  ChB50  In  man)  ean  all  be  meaaurad  aoourataly,  and  no 
aaauBptiona  are  oade  about  the  ahape  of  the  oholineateraae  Inhibition 
ourve  in  the  range  90  >  959(  inhibition,  iriiiob  ia  dlffioult  to  oheok 
eaperinentally.  The  influenoe  of  route  of  adBlniatratlon  on  the 
ChB5C^IS$0  ratio  ia  leaa  than  iai|d>'b  be  anticipated,  ohangea  in  U)50 
being  natohed  at  least  in  part  of  obangea  in  Chl50»  Tbua,  the  follow¬ 
ing  ratioa  have  been  reported  fbr  the  ridibitt 


Route  of  adminlatration 

U>50 

(wk«) 

Whole  blood 
ChB 

at  Xl>50 

Chi  50  t  £050 
ratio 

Stdtoutaneous  (4) 
Xntravetuyus  (9,  3) 
Inhalation  (9,  1} 

35 

19 

25-52 

97 

94 

97  -  100 

1  1  6,0 

1  1  J.4 

1  t  5.2 

to 

1  t  10.8 
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In  the  0M6  of  tho  inhalation  ejqparimantSy  the  ratio  inoraaaed  aa 
tha  duration  of  aaq^oaura  iraa  lanfthanad.  With  large  doaaa  of  (rB, 
the  ehoUaeateraae  Inhibition  at  tiie  ID50  alao  variea  with  eaqpoaure 
tioe*  ffhna  aosie  figurea  of  CuUunbine,  CoUasxey,  iiaororth  and 
iQmoh  (12)  ahon  that  in  tha  aheap  the  ID50  with  2  nln  e^oaure  ia 
76  p^kgy  with  90^  eholineateraae  inhibition,  and  with  10  aeo 
expoaure  the  U>50  ia  58  mAs*  95*99(  inhibition  of  whole  blood 
oholineateraae.  Thia  differanoe  ia  auffloient  to  preclude  effeotiwe 
uae  of  prediction  oethod  (i).  On  the  other  hand,  tha  ChR50  doae  aeaoa 
relatlTelor  independent  of  the  duration  of  expoaure  (l3«  14)* 

(b)  ^  red  eell  ChB50  in  uan.  Whether  baaed  on  rery 

brief  eaqpoBurea  (alngle-breath  teohnique,  2  aeo  or  leaa)  or 
15  i&in  ohaeber  e:q>oaurea,  the  ChB50  oan  be  placed  fairly  oertalnly 
between  1^0  oxtd  5*0  mAs: 


Method  of 
inhalation 

Method  of 
aactrepolation 

NuDber  of 
aubjeota 

Batimted  red  oell  I 
ChB50  (pdAg)  1 

Sln^e  breath  (  1 ) 

Secti-log  plot 

36 

4.7  1 

"  "  (14) 

Unear  regreaaion 

73 

5.0*  I 

It  m 

lo{/problt  plot (5) 

29  paired  oba. 

4.0*  \ 

131  oba. 

4.4*  ] 

Chaober 

15  Bin  aeated  ) 

92  ) 

lo^probit  plot(3) 

LI  ) 

5.0 

15  Bin  Barohingl 

In  the  obaBber  expoeurea,  the  inhaled  doae  haa  been  baek-oaloulated  (14) 
frou  the  Ct  and  the  Tentilation  aaaaured  in  parallel  eaq^erimenta,  uaing 
9^  retention  for  the  reating  ejqperimenta  (15)  and  9Q^  (l0,  16)  for  the 
exeroialng  nen. 

*Zn  theae  ealoulationa,  reoorexy  of  nominal  doae  aaauaed  (l4)* 


aicBir-inscRiBF 
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(o)  IPSO.  If  rum  oan  be  aammed  to  beher*  0oro  liko 

b  DMdcoBr  than  moo  of  tho  ■aall  speoioB,  the  Cbl50  t  XS50  ratio 
of  1  t  4*0  oagr  ba  rathor  low.  A  batter  astinata  olght  ba 
1  t  5  for  abort  aqpoauraa  (<^  ndn)  and  1  t  11  for  longer  aspoaurea 
(  >  2  Bin).  On  tide  baaia,  the  inhalation  I2>50  would  bat 


IHiration 

1D50 

Total  doae  for 

70  kg  man 

a  4r 

a  2  oln 

20  -  25  )>{As 

44-55 

1400  -  1750  |ig 

5080  -  3950 

The  Influanoa  of  duration  of  etqpoaura  on  the  1050  renalna  aociewfaat 
unoartaln.  It  ia  olaar  froD  tha  figuraa  in  aaotion  (b),  abora, 
that  at  doaaa  likaljr  to  produoa  <  5^  Inhibitim  of  oiroulatlng 
oholinaataraaa,  the  affaotiTenaaa  of  a  given  inhaled  doae  ia 
•lollar  dnrii^  both  "aingle-breatfa*  and  15  nln  ohamber  evoaurea. 
Haworer,  with  larger  doaea,  the  probabilitgr  of  extravaaoular 
apraad  will  riae  with  inoreaaa  of  oonoantration  of  the  agent  in 
the  blood  atraan,  and  for  thia  reaaon  the  toadoltgr  of  a  given 
large  doae  oaor  ba  greater  when  it  la  inhaled  rapidlOT. 

The  total  doae  oorraaponding  to  the  U>50  will  riae  with  body 
wei^t;  howavar.  thia  will  ba  offaat  to  aoae  extant  by  oorraqpondlng 
diffarenoaa  of  reapiratory  oinuta  voluuef  and  over  a  anall  range  of 
body  waigbta  diffarenoaa  in  L(Ct)50  tmu  thia  faotor  oan  probably 
ba  naglaotad. 


SBCRZT-SISCIiSKr 


(d)  Pwoentag«  retrotion  of  lahalad  dB.  Dlreot  aeasureoent  has  shoim 
9^  retention  of  ra  during  nasal  breathing  (l5)*  Caloulation 
suggests  C8  -  90^  for  oral  breathing  (16)|  U.8.  figures  are  a 
little  lover  (83  -  88^»  ref.  9)* 

Thus  «e  aey  assuae  nasal  breathing  (9$fi  retention)  at  rest,  and  a 
oodblnatlon  of  oral  and  nasal  breath^  In  exerolse  (ssgr  9C)( 
Mtentlon). 

(e)  Reglratory  minute  rolune.  Vlth  e90sures<l5  seo,  the  breath 
tuor  be  held.  With  longer  eiqposures  rentUatlon  nill  grtdually 
oooe  to  equal  the  netabolio  requirement  of  the  aotlTl^  undertaken. 
Typical  figures  for  the  period  ^  -  20  min  aret 


Aotlvlty 

Range  of  ulnute  toIuos 
l/nla 

Average  { 

l/odn 

Resting,  seated 

-♦ 

1 

0 

12 

*  standing 

12  -  20 

16 

Marohing  2.5  m.p.h. 

18-60 

29 

Running  (max.  effort) 

60  -100 

80 

(f)  The  Inhalatlop  L(Ct)50.  Combining  the  information  in  (e),  (d)  and 
(e),  the  estimated  L(Ct)50  for  a  70  kg  man  may  be  tabulated  as 
foUowst 


Aotlvlty 

toosure 
t  min 

liposure 

2  nin 

Range  |  Average 

Dg.Bil^D? 

Range 

Average 

Resting,  seated 

lOA  -  182 

.  135 

230  -  410 

301 

"  standing 

73  -  152 

loe 

161  -343 

230 

Marohing  2.5  B.p.h« 

26  -  108 

60 

57-244 

135 

Running  (max,  effort) 

i _ 

16-52 

22 

34-73 

49 

8BCRBIM>I8CRBrF 
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3. 

iJthou^  it  1«  poMlble  for  pluming  purposes  to  tabulate  tta  sntioipatad 
L(Ct)50  at  various  levsls  of  awtabolism,  as  above,  there  reiaalu  ifiiportant 
unoertsintiea  la  the  estlnata*  The  ratio  CkB50  t  U>50  shows  a  twofold  variation 
between  qpeoles,  and  it  is  bgr  no  Eiuaas  oertain  which  speoies  sum  reseobles.  It 
is  also  quite  probable  that  uhereaa  the  ratio  found  for  brief  inhalation  eaqtosures 
oorresponds  with  the  intravenous  ratio,  the  ratio  eopUoiblo  to  longer  inhalation 
e^qposures  is  greater  than  the  intravenous  ratio.  The  average  figures  quoted 
above  eould  thus  still  be  in  error  bj  about  a  third  in  the  oase  of  brief  e^osures, 
and  by  e  larger  oergln  for  longer  e:q>osures. 


(Sgd.)  C*  Lovatt  Ivans, 
Head,  Pfagrsiology  Seetion, 


Rja/to. 


(Sgd.)  ¥.8.8.  Laden, 
dasistant  Direotor(lledioal)« 
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